We have calculated the axial-vector form factors of the low lying octet baryons (N , Σ, Ξ and Λ) in the chiral constituent quark model (χCQM). In particular, we have studied the implications of chiral symmetry breaking and SU(3) symmetry breaking for the singlet (g 0 A ) and non-singlet (g 3 A and g 8 A ) axial-vector coupling constants expressed as combinations of the spin polarizations at zero momentum transfer. The conventional dipole form of parametrization has been used to analyse the Q 2 dependence of the axial-vector form factors (G 0 A (Q 2 ), G 3 A (Q 2 ) and G 8 A (Q 2 )). The total strange singlet and non-singlet contents (G 0 s (Q 2 ), G 3 s (Q 2 ) and G 8 s (Q 2 )) of the nucleon determining the strange quark contribution to the nucleon spin (∆s) have also been discussed.
I. INTRODUCTION
The internal structure of the baryons has been extensively studied ever since the measurements of polarized structure functions of proton in the deep inelastic scattering (DIS) experiments [1] [2] [3] [4] . These experiments have provided the first evidence that the valence quarks of proton carry only a small fraction of its spin and the decomposition of the proton's spin still remains to be a major unresolved issue in high energy spin physics. Form factors parameterized from the electromagnetic current operator as well as the isovector axial-vector current operator are important in hadron physics as they provide a deep insight in understanding the internal structure. The electromagnetic Dirac and Pauli form factors are well know over a wide region of momentum transfer squared Q 2 , however, the study of the axial-vector form factors has been rather limited. The measured first moment is related to the combinations of the axial-vector coupling constants which are combinations of the spin polarizations, ∆u, ∆d and ∆s. For example,
Here C s and C ns are the flavor singlet and non-singlet Wilson coefficients calculable from perturbative QCD. The quantity g 0 A corresponds to the flavor singlet component related to the total quark spin content ∆Σ whereas g 3 A and g 8 A correspond to the flavor non-singlet components usually obtained from the neutron β−decay and the semi-leptonic weak decays of hyperons respectively. These axial-vector coupling constants can be related to certain well known sum rules such as Bjorken sum rule (BSR) [5] and Ellis-Jaffe sum rule (EJSR) [6] and derived within Quantum Chromodynamics (QCD) using operator product expansion, renormalization group invariance and isospin conservation in the DIS. nucleon. Our information about the other low lying octet baryon axial-vector form factors from experiment is also rather limited because it is difficult to measure the hyperon properties experimentally due to their short lifetimes. Even though there has been considerable progress in the past few years to determine the Q 2 dependence of axial form factors experimentally, there is no consensus regarding the various mechanisms which can contribute to it.
Experiments involving elastic scattering of neutrinos and antineutrinos [12, 13] and the pion electro-production on the proton [14] have explored Q 2 dependence of axial form factors in the past and they point out the need for additional refined data. More recently, there has been considerable refinement to measure the Q 2 dependence of the axial-vector form factor of the nucleon in the higher-energy Minerνa experiment at Fermilab [15] .
The theoretical knowledge in this regard has been rather limited because of confinement and it is still a big challenge to perform the calculations from the first principles of QCD.
Even though some lattice QCD calculations of the axial charge and form factors of the nucleon have been performed [16] but still a lot of refinements need to be done. The broader question of axial charge, axial form factors and the strange quark contribution to the axial form factors of the nucleon has also been discussed by several authors in other models recently [17] . In addition to this, the partial conservation of axial-vector current (PCAC) also provide important constraints on the axial exchange currents to describe the non-valence degrees of freedom in the nucleon [18] [19] [20] . One of the most successful nonperturbative approach which finds its application for the quantities discussed above is the chiral constituent quark model (χCQM) [21] . The basic idea is based on the possibility that chiral symmetry breaking takes place at a distance scale much smaller than the confinement scale. The χCQM uses the effective interaction Lagrangian approach of the strong interactions where the effective degrees of freedom are the valence quarks and the internal Goldstone bosons (GBs) which are coupled to the valence quarks [22] [23] [24] [25] . The χCQM successfully explains the "proton spin problem" [25] , magnetic moments of octet and decuplet baryons including their transitions [26] , account for the violation of Gottfried Sum Rule [27] and Coleman-Glashow sum rule, hyperon β decay parameters [28] , strangeness content in the nucleon [29] , magnetic moments
− octet baryon resonances [30] , magnetic moments of − Λ resonances [31] , charge radii [32] , quadrupole moment [33] , etc.. The model is successfully extended to predict the important role played by the small intrinsic charm content in the nucleon spin in the SU(4) χCQM [34] and to calculate the magnetic moment and charge radii of spin 
as well as their explicit flavor contributions (G
) by using a conventional dipole form of parametrization. Furthermore, it would be interesting to extend the calculations to predict the total strange singlet and non-singlet contents (G
and G 8 s (Q 2 )) of the nucleon and determine the strange quark contribution to the nucleon spin (∆s). The results can be compared with the recent available experimental observations.
II. CHIRAL CONSTITUENT QUARK MODEL
The key to understand the structure of the baryons, in the χCQM formalism [22] , is the fluctuation process
where GB represents the Goldstone boson and+q constitute the "quark sea" [22, 23, 25] .
The effective Lagrangian describing the interaction between quarks and a nonet of GBs, can be expressed as
where ζ = c 1 /c 8 , c 1 and c 8 are the coupling constants for the singlet and octet GBs, respectively, I is the 3 × 3 identity matrix. The matrix q and the GB field can be expressed in terms of the GBs and their transition probabilities as
If the parameter a(= |c 8 | 2 ) denotes the transition probability of chiral fluctuation of the
, then α 2 a, β 2 a and ζ 2 a respectively, denote the probabilities , a hierarchy for the probabilities can be obtained as
Before proceeding further to calculate the axial-vector form factors, we briefly discuss the calculation of the spin structure of the baryons. Following references [22, 23] , the quark spin polarization can be defined as
where q ± can be calculated from the spin structure of a baryon
Here |B is the baryon wave function and N = q + q − is the number operator measuring the sum of the quark numbers with spin up or down, for example,
with the coefficients of the q ± giving the number of q ± quarks. The contributions of the quark sea coming from the fluctuation process in Eq. (2) can be calculated by substituting for every constituent quark
where the transition probability of the emission of a GB from any of theuark ( P q ) and the transition probability of the q ± quark (|ψ(q ± )| 2 ) can be calculated from the Lagrangian.
They are expressed as
Spin-spin forces, known to be compatible [37] [38] [39] with the χQM, generate configuration mixing [40] [41] [42] for the octet baryons which effectively leads to modification of the spin distribution functions [25] . The general configuration mixing generated by the spin-spin forces has been discussed in the case of octet baryons [40, 42, 43] . However, it is adequate [25, 42, 44, 45 ] to consider the "mixed" octet with mixing only between |56, 0 + N =0 and the |70, 0 + N =2 states, for example,
where φ represents the |56 − |70 mixing and
In general, the isospin wave functions for the octet baryons (N , Σ, Ξ) of the type B(xxy)
are given as
whereas for Λ(uds) they are given as
The spin wave functions are expressed as
For the definition of the spatial wave functions (ψ s , ψ , ψ ) as well as the definitions of the overlap integrals, we refer the reader to reference [46] .
The quark polarizations can be calculated from the spin structure of a given baryon.
Using Eqs. (7) and (10) of the text, the spin structure of a baryon in the "mixed" octet is given asB
For the case of N , Σ, Ξ and Λ, using Eqs. (11) and (12), we have
70, 0
56, 0
and 56, 0
respectively. Sea contributions can be included by using Eq. (9) and the results have been presented in Table I . A closer look at the expressions of these quantities reveals that the constant factors represent the Naive Quark Model (NQM) results which do not include the effects of chiral symmetry breaking. On the other hand, the factors with transition probability a represent the contribution from the "quark sea" in general (with or without SU(3) symmetry breaking). 
−sin 
III. AXIAL VECTOR FORM FACTORS
The axial-vector form factors can be expressed in terms of the axial-vector current A µ,a defined as qγ µ γ 5 λ a 2 q through the following matrix elements
where M B is the baryon mass, u(p) (ū(p )) are the Dirac spinors of the initial (final) baryon states, respectively. The four momenta transfer is given as
Here, λ a (a = 1, 2, ..8) are the Gell-Mann matrices of SU (3) I) in addition to these matrices. In the present context. we shall need only the matrices having diagonal representation corresponding to the flavor singlet current (a = 0), isovector current (a = 3) and hypercharge axial current (a = 8) [19] . The functions
are the axial and induced pseudoscalar form factors respectively. We will ignore the induced pseudoscalar form factors as they not relevant to the present work.
In general, the axial-vector matrix elements have implications for spin structure [25, 28] .
In order to calculate the axial charge as one of the important static property of the form factors at zero momentum transfer, the singlet and non-singlet combinations of the spin structure can be related to the weak couplings and can be expressed in terms of the spin polarizations defined in the above section. We have
The axial coupling constants g mixing angle θ is fixed from the consideration of neutron charge radius [41] . The χCQM parameters, a, aα 2 , aβ 2 , and aζ 2 represent respectively, the probabilities of fluctuations to pions, K, η, and η . A best fit of χCQM parameters can be obtained by carrying out a fine grained analysis of the spin and flavor distribution functions [25, 29] wherein as a first step, a gross analysis was carried out to find the limits of the parameters from the well known experimentally measurable quantities while taking into account strong physical considerations. After obtaining the limits, as a second step, a detailed and fine grained analysis was carried out to obtain the best fit. In Table II , we summarize the input parameters and their values. We would like to mention here that the positive values of ζ have also been widely used in similar calculations [19] . The sign may not be important for the case of quark spin polarizations in the present context where only ζ 2 is involved but since this set of parameters has already been tested for a wide variety of low-energy matrix elements and is able to give a simultaneous fit to the quantities describing proton spin and flavour structure Table III .
The present experimental situation [11] , in terms of the quark spin polarizations, ∆u, ∆d and ∆s for the case of N , is summarized as follows: 
The NQM, which is quite successful in explaining a good deal of low energy data [40] [41] [42] , 
The disagreement between the NQM predictions and the DIS measurements was broadly [19, 50, 51] . Because of angular momentum conservation, this reduction of the quark spin is compensated by orbital angular momentum carried by the same nonvalence quark degrees of freedom.
The Q 2 dependence of the axial-vector form factors have been experimentally investigated from the quasi elastic neutrino scattering [12, 13] and from the pion electroproduction [14] .
The dipole form of parametrization has been conventionally used to analyse the axial-vector form factors −0.15 GeV [54] . The axial mass can be taken as free parameter and adjusted to experiment [20] . Since experimental data is available only for the nucleon axial coupling constants, we have used the same value of the axial mass for all the octet baryons. The axial masses corresponding to Σ, Ξ and Λ are expected to be larger than that of the nucleon which will in turn lead to slightly larger values of the axial-vector form factors in magnitude. The overall behavior of the form factors however will not be affected by this change.
After having incorporated Q 2 dependence in the axial-vector form factors, we now discuss the variation of all the Q 2 dependent quantities in the range 0 ≤ Q 2 ≤ 1. In Fig. 1, we have presented the singlet and non-singlet axial-vector form factors of the octet baryons N , Σ, Ξ and Λ. From a cursory look at the plots, one can easily describe some general aspects of the sensitivity to Q 2 for the form factors. The sensitivity of the singlet and non-singlet form factors for different baryons varies as
The behaviour of the form factors for Ξ and Λ is similar to each other. This may possibly due to the presence of more strange quarks in the valence structure. On the other hand, the form factors for N and Σ, which have the dominance of u quarks in the valence structure,
show similar variation with Q 2 . This can be easily seen from Fig. 1 and this is true for G However, for the case of G Since the constituent quarks are spatially extended particles [20, 55] , they themselves have axial form factors. The role of non-valence quarks in the spin structure can be studied in detail by calculating the flavor axial-vector form factors using the dipole form of parametrization (Eq. (29) . These can be expressed in terms of the singlet and non-singlet combinations of the spin structure as follows dominated by the u and s quarks, we find a significant contribution from them. In these form factors, the small but significant G It is well known that, for the case of nucleon, the strange quarks contribute to the spin polarizations of u and d quarks apart from contributing to the strange spin polarization. This is because of the presence of the non-valence "quark sea" (Eq. (2)). In this context, the axial-vector matrix elements will have implications for the strangeness contribution to the nucleon as well as for the effects of chiral symmetry breaking. We can calculate G the presence of strange quarks in their valence structure. In Fig. 3 These quantities not only provide a direct method to determine the presence of a significant amount of quark sea but also impose important constraint on a model that attempts to describe the origin of the quark sea. A small but significant contribution of strangeness in the nucleon has already been indicated by SAMPLE at MIT-Bates [7] , G0 at JLab [8] , PVA4 at MAMI [9] and HAPPEX at JLab [10] .
A determination of G s A at low values of Q 2 [54] would permit a determination of strange spin polarization ∆s which is otherwise zero in the case of nucleon. The strange quarks contribute through the quark sea generated by the chiral fluctuations and any refinement in the case of the strangeness dependent quantities would have important implications for the basic tenets of χCQM.
To summarize, the chiral constituent quark model (χCQM) is able to phenomenologically estimate the quantities having implications for chiral symmetry breaking and SU (3) symmetry breaking. In particular, it provides a fairly good description of the axial-vector form factors of the low lying octet baryons (N , Σ, Ξ and Λ), for example, the singlet (g The significant contribution of the strangeness is also consistent with the recent available experimental results.
In conclusion, we would like to state that chiral symmetry breaking and SU (3) 
